Objectives. The purpose of this article was to investigate the relationship between state health agencies' adherence to the recommendations of the United State's Institute of Medicine's (IOM) report, 'The Future of Public Health', and changes in their populations' health. Study design. Data were abstracted from agencies' plans, budgets, annual reports, etc. spanning a 5-year period. A comprehensive change in population health measure over the same period was drawn from the UnitedHealth Group's annual survey. Methods. Configurations, based on public health core functions, were established using linear regression and qualitative comparative analysis. The dependent variable was a holistic measure of change in a state population's health status. Results. State agencies that most completely adopted a public health model emphasizing assessment, assurance and policy development also experienced significant improvements in their population health measures. Conclusions. State agencies that more completely adopted the IOM's public health core functions had a concomitant improvement in their populations' health statuses. Further research to explore if there is a causal link between adoption of the core functions and positive health impacts is warranted.
Introduction
The 1988 Institute of Medicine (IOM) report, 1 'The Future of Public Health', fundamentally changed the way public health was organized in the USA. In that report, the committee recommended that state-level health agencies should increase their administrative capabilities in three core functional areas-assessment, assurance and policy development. The increased attention to administrative capabilities has been accompanied by an increased interest in quantifying, tracking and improving the health impact assessment of government agencies in the USA, 2 in other developed countries 3 and throughout the world. 3, 4 In the USA, the effort reached critical mass with the publication of 'Healthy People 2000' 5 and continues to grow.
Significant progress has been made in linking specific population health improvement goals (e.g. immunization and cancer screening rates) to specific administrative activities (e.g. contracting and human resources development) through programmes such as the Turning Point Performance Management Collaborative. 6 However, these programmes do not address some broader (holistic, sociological, qualitative) public health questions. 3 Specifically, does having well-developed assessment, assurance and policy development functions correlate positively with above-average improvements in population health status? Is it necessary to be proficient in all three functions, or is being capable in one or two sufficient to achieve above-average health status improvement?
The study has two purposes. The first is to comparatively measure state health agencies' adoption of the core functions promulgated by the IOM. The second is to configure state health agencies based on their public health core function capabilities, and relate the derived configurations to superior vs. inferior improvements in a population health impact assessment over 5 years. The latter analysis uses qualitative comparative analysis (QCA) to separate the more successful configuration patterns from those with less positive impact. The QCA method is particularly well suited to the questions at hand because it allows for the exploration of the necessity, sufficiency and interactions among the three core public health functions and relates them to the outcome of interest-health impact assessments.
This research advances the study of public health in three distinct ways. First, linking population health impact assessments to the agencies charged with improving them is an important endeavour.7 In particular, assessing agencies' core management capabilities and relating them to improvements in population health status over time provides impor-ant information to policy makers on the way that departments should strive to function. Second, using content analysis to study organizational documents rather than surveys to assess the degree of compliance with IOM recommendations potentially increases the objectivity and reliability of the findings. Last, the study assesses the core functions model promulgated by the IOM and its utility in improving populations' overall health status in the USA.
Background
Public health activities have significantly improved the length and quality of life throughout the world. 8 In particular, the reduced incidence and prevalence of infectious diseases has been a major public health achievement. However, future progress will be more difficult to achieve and the health impacts of public agencies will become more difficult to assess. As Jocelyn Elders, former US Surgeon General, stated, 'public health is poorly understood-perhaps because when it is effective, nothing happens'. 9 As there are a variety of interventions and health impacts, identifying which health agency's activities are directly contributing to progress is difficult to determine and always subject to debate. 10 In the USA, a set of three core functionsassessment, assurance and policy development-has been advanced by the Federal Government's IOM.
Few studies have attempted to measure the state of public health practice in the USA as it relates to the IOM's 1 recommendations regarding all three core functions. Of eight prior studies, four focused on local health departments 11 -13 and four took a state-level approach. 14 Scott et al. 15 were the first to conduct a complete census based on the core public health functions identified by the IOM. Scutchfield et al. 16 replicated Scott et al.'s 15 survey 7 years later and found that the number of agencies engaging in assessment and assurance activities was generally unchanged. However, the percentage of state health agencies actively engaged in policy development declined from 72 to 49% over the same period. For policy development as it pertains to specific issues, such as genetics and disease prevention, 17 states exhibited even lower levels of activity. This implies that a formal policy development function was absent in approximately half of the states, even on a self-reported basis.
In management research, configurational approaches are used to explore the relationship between organizations' strategic planning capabilities, organization structure, and decision making and performance. Further, a positive correlation between strategic planning system configurations and financial performance has been shown to exist empirically. [18] [19] [20] However, no studies to date have attempted to differentiate configurations on non-monetary measures of success-such as healthcare outcomes.
The most important feature of any configuration is determining the intended purpose of the organizations being analysed. 21, 22 From a public health perspective, it is important to assess the effects of the core functions on population health status measures. Therefore, systematically linking agency planning paradigms to public health impact assessments is a natural extension of the configuration methodology.
The US Department of Health and Human Services has identified 10 leading health indicators and recommended that they be used as outcome measures because they:
'help everyone understand the importance of health promotion and disease prevention.... Developing strategies and action plans to address one or more of these indicators can have a profound effect on increasing the quality of life ... and eliminating health disparities.'
The leading health indicators are: (1) physical activity; (2) obesity; (3) tobacco use; (4) substance abuse; (5) sexual behaviour; (6) mental health; (7) injury and violence; (8) environmental quality; (9) immunizations; and (10) access to health care. Other organizations and researchers 24 have created indices of community health status using similar measures.
For example, the UnitedHealth Group has produced annual reports ranking the general level of health in all 50 states since 1989. The report provides a comprehensive view of population health trends across the USA. The scores are designed to draw attention to key measures affecting the public's health. The US General Accounting Office has cited it as a leading composite indicator of the states' health, and has used the report to determine federal aid distributions. 25 In addition, scaling the items into a single variable allows for a holistic comparison of overall health progress with the core functions. Therefore, identifying relationships between core function configurations and population health improvement is an important addition to both management and public health research.
Consistent with the preceding discussion, three hypotheses related to configurations and health measures are stated. Public health professionals have developed a model of how agencies should be structured to improve their communities' health impact. Central to this model are the core functions of assessment, assurance and policy development. These functions are designed to be mutually reinforcing and broadly interpreted at the state level. In particular, policy development should involve 'the establishment of state-wide health objectives, delegating power to localities as appropriate and holding them accountable'.
1 Therefore, this model is examined with the following hypothesis: Hypothesis 1. The three core functions, assessment, assurance and policy development, were significantly and positively related to improvements in health population status from 1990 to 2000 among US communities.
As many agencies were disengaging from policy development, 16 organizations may have discovered that either assessment and/or assurance were sufficient for successful improvement of population health statuses. The question then arises, do agencies need to be engaged in all of the activities in order to have a positive effect on population health measures? Therefore, the following hypothesis is tested: Hypothesis 2. The core functions of assessment and assurance are either individually or collectively sufficient to explain improvements in health population status from 1990 to 2000 among US communities.
The alternative hypothesis assumed under the IOM model is: Hypothesis 3. The three core functions, assessment, assurance and policy development, were all necessary to improve health population status from 1990 to 2000 among US communities.
Linear regression and QCA are used below to test and explore critical strategic functions among state health agencies.
Methods
The present study used linear regression and configuration analysis. Linear regression was used to measure the relationship of the core function variables individually. Although linear regression applied to observational data cannot determine causality, it does provide insight into the predict-ability of variables, and serves as the basis for further investigation. QCA was used to further explore the linear regression result; this focuses on the public health core functions collectively and how they are related to above-average health improvement.
Sample
One difficulty in studying public health is that the functions reside in a variety of departments within each state's government. Therefore, a method for identifying the correct department within each state was necessary.
The criterion employed in this research was to select the cabinet-level leader that had public health in her or his agency. The sampling frame was limited to agencies from the 50 states. The independent (core function /configuration) and dependent (changes in population health status) variables were drawn from two sources. Expert raters (possessing an MHA, MPH or similar health-related degree), using information drawn from the states themselves, scored the core functions' variables used to create the configurations. The scorers used a seven-point Likert scale to evaluate each state comparatively.
The specific queues to raters for identifying and scoring the core function variables were narrowly defined. A narrow set of queues was chosen for four reasons. First, the core function queues were defined so that only objective evidence that they were being adhered to, rather than merely claimed by the department, would receive positive scoring. Second, the definitions as described were more congruent with common strategic management variables that have demonstrated high degrees of reliability and validity. Third, the narrow definitions help to increase the level of interrater reliability (IRR). Fourth, variable definitions and examples were linked to numerical scoring queues to reduce the tendency of raters to use only a few points on the scale.
IRR was measured prior to scoring based on a sample of three randomly selected states, and a post hoc I RR was derived based on multiple scorings of every state in the sample. On the prescoring analysis, scorers achieved a Cronbach's alpha significant at P < 0.05. Therefore, the actual scoring was allowed to proceed. As a post hoc analysis of reliability, a Kappa statistic comparing multiple raters across every state was derived. The overall Kappa statistic was 0.865 and significant at P < 0.001. In descriptive terms, allowing for scoring differences of one or zero on a variable, the raters were in agreement for 92.01% of the time.
Two other potential sources of bias were considered because of the use of expert raters. The first was the phenomenon of raters using only part of the scale for some variables. Variable definitions and examples were linked to numerical scoring queues to reduce the tendency of raters to use only a few points on the scale. The second phenomenon is halo effects. Again, we believe that concise definitions help mitigate this form of bias, and the high degree of I RR seems to indicate that if the phenomenon did exist, it was at least consistent across raters.
Variables
The assessment measure included indications that the state agency was not only gathering health data, but also consulting citizens and stakeholders to evaluate and improve specific programmes in order to achieve a high score (above four on the seven-point scale). 26 With respect to assurance, raters were instructed to look for effective delegation of operating authority to county and local health departments for service delivery to at-risk populations. Similarly, evidence that state-level department leaders had the authority to adjust programmes to meet emerging needs was necessary to achieve a high score on assurance. For policy development, scorers were instructed to look for a strong decision-making authority housed at the state level. In particular, the presence of a dedicated planning office was necessary to indicate a high potential for effective policy development. The data used to score the core functions' variables are discussed next.
State agencies make large amounts of raw data relating to their organizations' activities available to the public. The items specifically requested were strategic plans, budgets, annual reports, Healthy People 2000 and 2010 goals, and organization charts. Three different attempts were made to gather relevant materials. States were deemed to have provided adequate configuration information if two reviewers agreed that all of the variables could be scored.
The UnitedHealth Group 27 report was chosen as the dependent variable source for three reasons. As the report's measures have been refined in subsequent iterations, previous reports are recalibrated to reflect the new scoring. Also, the items that compose the scale have been weighted to control for intercorrelations based on suggestions from a Delphi process. Finally, the measures were similar in nature to those recommended in Healthy People 2000 and used in other studies. 24 
Analytic approaches
The first phase of the analysis used linear regression to test the hypothesis that public health core functions are related to improvements in health status (Hypothesis 1). Two additional variables were added to the regression based on current management theory. One was resource availability and the other was adaptability. In light of the fact that many state health agencies have had significant reductions to their budgets in recent years, these two additional variables are particularly germane to assessing their health impacts and adaptive behaviours. The necessity and sufficiency of the three core functions, and two additional strategy variables, were used in the next phase of the analysis.
In order to study the correlations between the public health model and population health out-comes (Hypotheses 2 and 3), QCA was performed. QCA is a form of analysis that considers every possible variable combination and set of inter-actions. The core function measures and two additional strategy variables were dichotomized as is typical of QCA. For the independent variables, a conservative approach was taken and only organizations scoring greater than four, the mid-point of the scale, were considered to have the characteristic present. With respect to the dependent variable, the sample was divided into more and less successful halves based on the change in state health measures from 1990 to 2000.
Two other features of combinatory logic and QCA are the use of 'truth tables' and 'logical minimization'. 28 Truth tables are matrices containing every possible combination of independent variables related to the dichotomized criterion variable. The unit of analysis for tables is the row and it is possible to reduce the table using logical minimization. Rows that lack any cases (viz. states) displaying that configuration of core functional characteristics can be eliminated. Next, rows that produce similar outcomes and only differ on one independent condition are combined. This phase can have multiple iterations until no further reductions are possible and the 'prime implicants' are revealed (for a full description of the procedure, see Ragin ) . 29 The final step in the QCA process is to create an equation that expresses the prime implicants for the outcome of interest in a reduced form. Based on these equations, the necessity and/or sufficiency of the public health model's elements can be discerned with respect to the health impact assessment (Hypotheses 2 and 3).
Core public health functions are necessary components of above-average improvement if they must be present for the desired results to occur. A core function is sufficient if it alone can create the outcome of interest. There are several combinations of necessity and sufficiency possible. For example, it is possible for more than one function to be sufficient but not necessary and vice versa. Therefore, necessity and sufficiency need to be considered conjointly to meaningfully interpret the results of prime implicant equations28 and the veracity of the IOM's core function model.
Results
The results are based on 41 states (82%) that provided adequate information to be included in the configuration analysis. To detect any non-response bias, five demographic characteristics (age distribution, race mix, median income, poverty levels and population density) and four federal funding metrics (training grants, maternal and child health support, primary care subsidization and rural health funding) were compared. Only one measure indicated any difference between the sample and non-respondents-race mix of the population. Non-respondent states' populations had a greater proportion of white/ non -Hispanic residents.
Multiple regressions were performed to test Hypothesis 1. The model containing the three core function variables was significantly related to the dependent variable (F = 14.497; P < 0.001). All three of the independent variables' coefficients were positively related to changes in population health status from 1990 to 2000 (Table 1) . Altogether, 50.3% (adjusted R 2 = 0.503) of the variability in the dependent variable was correlated with assessment, assurance and policy development. Therefore, Hypothesis 1 is supported.
Adding the two strategic capability variables, Hypotheses 2 and 3 are examined next. Each item was reduced to a binary variable thus yielding a truth table with 32 (2 5 ) possible configurations. Table 2 presents every possible combination of the variables and has 16 rows populated by state health agencies. The logical minimization algorithm delineated by Ragin 28 yielded eight configurations that are displayed in Table 3 . Two of the reduced configurations are populated with states that experienced above-average and positive health impact assessment.
Two configurations, with above-average improvement in their populations' health statuses, were used to identify the prime implicants for success. As only one variable differed in its influence on improved health status, resource availability, the larger configuration's paradigm is considered dominant. The final reduced equation for above-average health measure improvement in Table 3 is:
Superior improvement= assessment X assurance X policy development X (adaptability+ resource)
Based on the derived equation, the necessity and/or sufficiency of public health core functions can be described in terms of above-average improvement in state health measures from 1990 to 2000. The equation indicates that there are three sets of strategic capabilities that allows for such success. Assessment, assurance and policy development are all necessary conditions for above-average health improvement. Therefore, Hypothesis 2 is rejected and Hypothesis 3, that all three core functions of the public health model are necessary for success, is deemed to be true. However, the three core public health functions are not in themselves sufficient to explain superior health status improvements.
Given that a state agency is engaged in all three activities, the presence of either 'resource avail-ability' and/or 'adaptability/ proactivity' is sufficient to allow a state to achieve above-average health improvement over the period studied. Based on the Boolean expression containing the prime implicants, it is also possible to identify the combinations of strategy characteristics associated with below-average improvement in health status measures. These findings are discussed next.
Discussion
This article presents a two-step process analysing state health agencies' adherence to IOM recommendations regarding the public health core functions using qualitative and quantitative approaches. First, a set of variables serving as proxies for the public health core functions were regressed on an independent measure of population health status improvement during the 1990s. Second, a configuration based on the five variables identified in the regression was conducted using the QCA. Each of these analyses' results provides relevant information.
To test if the strategic characteristic variables that approximated the public health core functions were related to improvements in population health over time, a quantitative approach was used-linear regression. All three core functions-assessment, assurance and policy development-were significantly correlated to the independent variable. These results are the first to empirically demonstrate a significant relationship for assessment, assurance and policy development to public health measures of success.
In particular, the centralization of strategy-making variable had a relatively large correlation with improvements in health. That state health agencies were disengaging from this activity during the period measured 16 indicates that the problems detected by the IOM in 1988 and re-iterated in 1996 30 are inhibiting health improvement efforts in some states. For public health leaders, the message is clear-better policy development, vis-á-vis strategic planning, is clearly correlated with better performance and is worth pursuing while further research is conducted. For researchers, the two variables identified in the exploratory regression may hold some clues to the appropriate theoretical frameworks.
Resource availability and adaptability/ proactivity were also strongly correlated with improvements in population health measures. These variables indicate that, beyond the core public health functions model, the resource-based view of the firm may provide a valuable framework for analysing public health agencies' abilities to meet their populations' changing needs. 31 The resource-based view assumes heterogeneity within a group of organizations with respect to strategic resource availability. 32 This is most certainly the case among state health agencies. Further, the framework would be compatible with other organizational change efforts underway, such as those of the National Health Service 33 and Cochrane Collaboration 34 in the UK and The Leapfrog Group 35 in the USA.
QCA provides a means for exploring issues such as the necessity or sufficiency of strategy characteristics in an exhaustive fashion. Of the five variables identified in regression analysis, three were necessary in order for a state agency configuration to experience above-average improvement in population health measures. To summarize, it is necessary for agency leaders to assess their environment and population's health needs, provide strong policy development, and provide a significant level of assurance. However, these three elements together were not sufficient to explain above-average health status improvements. A state agency also needed to have significant organizational resources (resource availability) and/or be adaptable to the environment (adaptability/proactivity).
Looking at Table 3 , resource availability and adaptability/proactivity variables are nearly equal in importance. Nine states each had one or both items present in their configuration. Seven states had positive scores for the presence of both elements. As important as this new insight is, the prime implicants equation for the states with below-average improvement is equally enlightening.
The absence of just one of the three core public health function variables was sufficient, by itself, to create below-average correlations between the improvement in health status among those configurations. Thus, state health agency configurations possessing all three core function characteristics were the only ones to have positive correlations with improved health status. The implications of these results for public health practitioners are important in two ways. First, state agency activities can be statistically demonstrated to correlate with public health outcome measures over time. Second, it is critical that state health agency leaders have the power to engage in policymaking or at least have the ability to inform policymakers in a meaningful way. Lacking this core function significantly inhibits an agency's ability to improve the health status of its community.
Future research
These findings are informative for public health administrators in two ways. First, configuration variables are related to non-monetary measures of success. Second, by combining quantitative and qualitative approaches in identifying and exploring organizational gestalts, the utilities of both approaches are increased. Therefore, future research should seek to triangulate important measures in multiple ways.
In particular, understanding the use of policy making, which is the most frequently absent characteristic among states, and changes in population health impacts is essential if policy analysis is to be of any value. Lacking this core function potentially inhibits an agency's ability to improve the health status of its community. In addition, other organizational factors, such as resource availability and organizational adaptation used herein, should also be considered when studying state agencies. Lastly, other exogenous factors that play a major role in populations' health statuses, such as national policy changes and changes in communities' socio-economic status, need to be accounted for in the statistical models.
